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FOREWORD 
T h i s  work o f  D r .  M a r c h e t t i  w a s  pe r fo rmed  w i t h i n  t h e  s c o p e  
o f  t h e  I n n o v a t i o n  Management Task  i n  o r d e r  t o  tes t  t h e  r e l e v a n c e  
' o f  marke t  p e n e t r a t i o n  s t u d i e s  d e v e l o p e d  a t  IIASA p r i o r  t o  t h i s  
t a s k .  The i d e a  w a s  t o  c h o s e  t h e  s o - c a l l e d  " d e c l i n i n g "  sector 
a n d  t h e  f i n a l  c h o i c e  f e l l  o n  car i n d u s t r y  b e c a u s e  o f  t h e  r e l a t i v e -  
l y  good d a t a  a v a i l a b l e .  
The r e s u l t  o f  t h i s  a t t e m p t  is a set of i n t e r e s t i n g  f a c t s ,  
some o f  which  c a n  b e  f u l l y  e x p l a i n e d ,  o t h e r s  l e a v e  some d o u b t ,  
and some c a n n o t  b e  e a s i l y  e x p l a i n e d  a t  a l l .  M o s t  o f  them are 
i n t e r e s t i n g  enough,  c o n t r a r y  t o  t r a d i t i o n a l  v iews  e x p r e s s e d  else- 
where. T h i s  method,  e v e n  i f  it d o e s  n o t  alvrays g i v e  clear i d e a s  
a b o u t  t h e  c a u s e  and e f f e c t  r e l a t i o n s  o f  t h e  s t u d i e d  o b j e c t ,  d e t e c t s  
p r o p e r t i e s  o f  h o m e o s t a t i c  c h a r a c t e r .  To f i n d  t h e  p r o c e s s  c a u s i n g  
a l l  t h i s  seems t o  b e  a r e a s o n a b l e  t o p i c  f o r  f u r t h e r  r e s e a r c h .  
I n  r e l a t i o n  t o  i n n o v a t i o n  management t h i s  work is a n o t h e r  
p r o v e  t h a t  it i s  v e r y  d i f f i c u l t  t o  make g e n e r a l i z a t i o n s  concern-  
i n g  i n n o v a t i o n .  
T i b o r  Vasko 
Task Leader  
I n n o v a t i o n  Management 
ABSTRACT 
The car i s  examined as a world  system,  c o n c e n t r a t i n g  on 
numbers and b e h a v i o r  and a b s t r a c t i n g  from most o f  t e c h n i c a l  
d e t a i l s .  Three  parameter  l o g i s t i c s  appea r  t o  f i t  w e l l  t h e  
p e n e t r a t i o n  o f  cars i n  v a r i o u s  areas, and show a remarkable  
r e l a t i o n s h i p  between t i m e  o f  i n t r o d u c t i o n  and r a t e  o f  p e n e t r a t i o n ,  
Innova t ion  and p u b l i c i t y  d o  n o t  show as t o o l s  f o r  a g g r e s s i v e  
behav io r ,  b u t  more a s  homeos t a t i c  channe l s ,  Also s a f e t y  a p p e a r s  
under  s o c i e t a l  c o n t r o l ,  
The p o s i t i o n  o f  Japan  i n  t h e  game is  ske t ched ,  w i t h  medium 
term f o r e c a s t s .  
THE CAR I N  A SYSTEM CONTEXT. 
THE LAST 8 0  YEARS, AND THE NEXT 20. 
INTRODUCTION 
T h i s  s t u d y  was o r i g i n a l l y  s t a r t e d  i n  o r d e r  t o  t r y  t o  
e v a l u a t e  t h e  e f f e c t  o f  i n n o v a t i o n  and  p romot ion  e f f o r t s  on  t h e  
a c c e p t a n c e  a n d  marke t  dynamics  o f  c a r s .  I t  somehow expanded 
a r o u n d  t h e  o r i g i n a l  t a s k ,  a n d  came t o  show some unexpec ted  a n d  
a n t i - i n t u i t i v e  a s p e c t s  o f  t h e  c a r  sys t em.  I n  p a r t i c u l a r  a  v e r y  
h i g h  l e v e l  o f  d e t e r m i n i s m s ,  most  p r o b a b l y  due  t o  s t r o n g  and  
e f f i c i e n t  s o c i a l  f e e d b a c k  l o o p s .  I w i l l  u s u a l l y  r e f e r  t o  them 
when s p e a k i n s  o f  h o m e o s t a s i s ,  a  t e r m  borrowed from p h y s i o l o g y .  
filuch o f  my a n a l y s i s  i n  f a c t  is  borrowed from b i o l o q i c a l  
t h i n k i n g  and methodology,  a s  I am f a i r l y  c o n v i n c e d  t h a t  t h e  
e q u a t i o n s  V o l t e r r a  d e v e l o p e d  f o r  e c o l c q i c a l  s y s t e m s  a r e  v e r y  
good d e s c r i p t o r s  o f  human a f f a i r s .  
I n  a  n u t s h e l l ,  I supposed. that t he  s o c i a l  s y s t e m  can  b e  de-  
composed i n t o  s t r u c t u r e s  t h a t  compete  i n  a  Darwinian way, t h e i r  
f l o w  a n d  ebb  b e i n g  d e s c r i b e d  by t h e  V o l t e r r a  e q u a t i o n s .  
FILLING THE N I C H E  
I examined t h e  e v o l u t i o n  o f  t h e  c a r  p o p u l a t i o n ,  i .e .  t h e  
number o f  c a r s  on t h e  r o a d ,  i n  n i n e  d i f f e r e n t  c o u n t r i e s .  
Because t h e  p o p u l a t i o n  o f  a new s p e c i e s  f i l l s  i t s  e c o - n i c h e  
f o l l o w i n g  a l o g i s t i c  t r a j e c t o r y ,  I t r i e d  t o  f i t  t h e  e v o l u t i o n  
i n  t i m e  of t h e  car s t o c k  i n  t h e  n i n e  c o u n t r i e s  u s i n g  t h r e e  
p a r a m e t e r  l o g i s t i c  e q u a t i o n s .  Of t h e s e  p a r a m e t e r s ,  o n e  l o c a l i z e s  
t h e  p r o c e s s  i n  t i m e ,  t h e  s e c o n d  g i v e s t h e  ra te  o f  t h e  p r o c e s s ,  and  
t k t h i r d  t h e  s a t u r a t i o n  p o i n t ,  o r  t h e  c a p a c i t y  of t h e  n i c h e .  The 
r e s u l t  i s  g i v e n  i n  F i g s .  1 t o  9 .  
A s  c a n  be s e e n ,  t h e  f i t t i n g  t o  a  l o g i s t i c  c u r v e  i s  p e r f e c t ,  
so  t h a t  t h e  t h i r d  pa rame te r - - the  s a t u r a t i o n  p o i n t ,  o r  i n  b i o -  
l o g i c a l  t e r m i n o l o g y ,  t h e  p e r c e i v e d  S i z e  o f  t h e  n i c h e  which  would 
c o r r e s p o n d  t o  t h e  t o t a l  volume o f  t h e  market--can be c a l c u l a t e d  
w i t h  f a i r  p r e c i s i o n .  The v a l u e s  f o r  e a c h  n a t i o n  are r e p o r t e d  i n  
p a r e n t h e s i s  f o r  e a c h  o f  t h e  f i g u r e s ,  t o g e t h e r  w i t h  t h e  t i m e  con- 
s t a n t s  a n d  c e n t r a l  p o i n t  d a t e s  which  s e r v e  t o  c h a r a c t e r i z e  t h e  
l o g i s t i c .  
I t  i s  w e l l  known t h a t  f i t t i n g  t h r e e  p a r a n e t e r  l o g i s t i c s  
is a s l i g h t l y  f i s h y  p r o c e s s  b e c a u s e  t h e  t r a j e c t o r y  o f  t h e  func-  
t i o n  i s  f a i r l y  i n s e n s i t i v e  t o  t h e  p o s i t i o n  o f  t h e  maximum, a t  
leas t  up t o  t h e  f l e x .  C o n s e q u e n t l y  t h e  s l i g h t  d i f f e r e n c e s  i n  
t w i s t  are e a s i l y  masked by t h e  n o i s e  i n  t h e  d a t a .  
C o n t r a r y  t o  e x p e c t a t i o n , t h e  d a t a  a r e  e x c e p t i o n a l l y  f r z e  
from n o i s e ,  a s  one  c a n  v e r i f y  by i n s p e c t i n g  F i g .  1 0 ,  r e p o r t i n g  car 
p o p u l a t i o n  f o r  I t a l y  i n  l i n e a r  scale. F u r t h e r m o r e ,  I i n t e r p o l a t e d  
by e y e  on t h e  t r a n s f o r m s ,  where l o g i s t i c s  a p p e a r  a s  s t r a i g h t  
l i n e s  and  where t h e  e y e  is  more s o p h i s t i c a t e d  i n  my o p i n i o n  
t h a n  ~ . o s t  computer  programs.  T h e  m o s t  i m p o r t a n t  p o i n t ,  however ,  
i s  t h e  f a c t  t h a t - - a s  shown i n  F i g .  13 - - the re  i s  a  f u r t h e r  i n t e r n a l  
l i n k  be tween  t h e  v a r i o u s  l o g i s t i c s ,  wh ich  e l i m i n a t e s  l a r g e  e r r o r s  
t h r o u g h  a  check  o f  i n t e r n a l  c o n s i s t e n c y .  
T h a t  s a i d ,  most  o f  t h e  c o n c l u s i o n s  I w i l l  draw a r e  n o t  
f i n e l y  s e n s i t i v e  t o  t h e  l e v e l  o f  s a t u r a t i o n ,  s o  t h a t  b i c k e r i n g  
a b o u t  o n e  m i l l i o n  cars more o r  less  i n  t h a t  l e v e l  makes r e a l l y  
no  s e n s e .  One t h i n g  I c a n n o t  answer ,  however ,  i s  i f ,  i n  a n a l o g y  
w i t h  t h e  b i o l o g i c a l  case, a s u b t l e  a n d  p r o g r e s s i v e  m a t c h i n g  
t o  t h e  e c o n i c h e  d o e s  n o t  p r o g r e s s i v e l y  e n l a r g e  i t s  s i z e .  I n  
o t h e r  words  i f  t h e  s a t u r a t i o n  l e v e l  h a s  a s e c u l a r  d r i f t .  
SHUNNING THE MEDIA 
The f i r s t  c o n m e n t o n  F i g s .  1 t o  9 c o u l d  b e  t h a t  t h e  e f f e c t  
o f  l a u n c h i n g  new mode l s ,  i n t r o d u c i n g  new t r i c k s ,  a n d  s l a s h i n g  
p r i c e s ,  i s  o f  no  c o n s e q u e n c e  on t h e  d e t e r m i n a t i o n  o f  owning a 
car ,  which  seems t o  f o l l o w  a p e r f e c t  p a t h ,  c o n t r o l l e d  p e r h a p s  
by  u s e  v a l u e s  of t h e  c a r  which  a r e  l i t t l e  i n f l u e n c e d  by new 
s h a p e  or new bumpers .  
The f a c t  t h a t  w h a t e v e r  one d o e s  t h i n g s  g o  t h e i r  way, i s  
h a r d  t o  swal low.  Bu t  t h e r e  i s  a  p a t h  o u t  o f  t h e  s t a l e m a t e ,  
i f  w e  t h i n k  t h a t  t h e r e  i s  a p o o l  o f  g o o d ' i d e a s  i n  m a n u f a c t u r i n g ,  
p r o d u c t  d e s i g n  a n d  a d v e r t i s i n g  which l i e  a r o u n d  and a r e  p i c k e d  
up a n d  u s e d  when t h e r e  i s  t h e  menace o f  f a l l i n g  b e h i n d  t h e  p e r -  
c e i v e d  p a t h .  T h i s  i s  more o r  less what  happens  i n  b i o l o g i c a l  
s y s t e m s  where m u t a n t s  a r e  u s u a l l y  k e p t  i n  a r e c e s s i v e  s t a t e  till 
t h e  change  i n  e n v i r o n m e n t  draws  them i n t o  t h e  l i m e l i g h t .  
I n  t h i s  r a t i o n a l i z a t i o n ,  i n n o v a t i o n  and  b r a i n  s o f t e n i n g  
t h r o u g h  t h e  med ia ,  u s u a l l y  s e e n  as  b a s i c a l l y  agg res s ive  o p e r a -  
t i o n s ,  a c q u i r e  t h e  much s o f t e r  c o n n o t a t i o n  o f  p u r e l y  d e f e n s i v e  
a c t s  which may a l s o  change t h e  r a t i o n a l i z a t i o n  f o r  s e l l i n g  them 
t o  t h e  management. 
I n  o t h e r  words ,  i n n o v a t i o n  and promotion a r e  b a s i c a l l y  s e e n  a s  
horeos ta t i c  p r o c e s s e s ,  i n  t h e  same s e n s e  a s  s w e a t i n g  and s h i v e r i n g  
which p r o t e c t  o u r  body t e m p e r a t u r e  from changes  i n  t h e  boundary 
c o n d i t i o n s .  The f a c t  t h a t  t h i s  t e m p e r a t u r e  keeps  i t s  set  p o i n t  
does  n o t  c e r t a i n l y  mean s w e a t i n g  and s h i v e r i n g  a r e  un impor tan t .  
A t y p i c a l  r e a c t i o n ,  when I p r e s e n t e d  t h e s e  r e s u l t s ,  was 
t h a t  i f  c a r  ownership  i s  apre-se t  g o a l ,  companies c e r t a i n l y  
cbmpete t o  g e t  l a r g e r  s h a r e s  o f  t h i s  marke t ,  u s i n g  i n t e r  a l i a  
i n n o v a t i o n  and  promot ion  a s  a g g r e s s i v e  weapons. To see t h e  
dynamics o f  t h i s  s t r u g g l e ,  I p l o t t e d  r a r k e t  s h a r e s  f o r  t h e  
dominant companies i n  t h e  US and Japan .  A s  F i g s .  11 and 12  show, 
t h e s e  s h a r e s k e e p  f l u c t u a t i n g  b u t  remain b a s i c a l l y  c o n s t a n t  i n  t h e  
l o n g  run .  A s  t h e  Red Queen s a i d  t o  A l i c e :  "Now h e r e  you see, 
it t a k e s  a l l  t h e  r u n n i n g  you can d o  t o  keep i n  t h e  same p l a c e . "  
A c t u a l l y  t h e r e  i s  some l i f e  a t  t h e  lower l e v e l s  and s m a l l e r  com- 
p a n i e s  come and go. Much o f  t h e  p e n e t r a t i o n  of  J a p a n e s e  c a r s  i n  
t h e  US, e . g . ,  c a n  be  s e e n  a s  a  r ep lacement  o f  market  l o s s e s  by 
C h r y s l e r ,  American Motor ,  and o t h e r  s m a l l e r  companies.  
LAST COFIE. FIRST SERVED 
F i g u r e s  1  t o  10 have been o r d e r e d  a c c o r d i n g  t o  t h e  t i m e  
when c a r  p e n e t r a t i o n  r e a c h e d  1% o f  t h e  f i n a l  s a t u r a t i o n  l e v e l .  
I t  is  c l e a r  t h a t  t h e  p e n e t r a t i o n  r a t e ,  e x p r e s s e d  by t h e  t ime  
c o n s t a n t  AT, i . e .  t h e  t ime  t o  go from 1% t o  50% p e n e t r a t i o n ,  keeps  
d e c r e a s i n g .  D r .  Ed Schmidt s u g g e s t e d  p l o t t i n g  AT v s  t h e  1 %  pene- 
t r a t i o n  r a t e ,  and  o b t a i n e d  F i g .  13. Not o n l y  d o e s  AT k e e p  de-  
c r e a s i n g ,  b u t  it d i d  so i n  a  v e r y  r e g u l a r  way. 
I have  no h i n t  t o  e x p l a i n  t h e  d e c r e a s e  n o r  t h e  r e g u l a r i t y .  
I t  seems, howeever ,  t h a t  t h e  p r o c e s s  s h o u l d  s t o p .  I f  n o t ,  a b -  
s u r d l y  s h o r t  p e n e t r a t i o n  t i m e  w i l l  b e  r e a c h e d  i n  t h e  n e x t  f u t u r e .  
J a p a n  h a s  a l r e a d y  t h e  e x t r a o r d i n a r i l y  s h o r t  AT o f  12 y e a r s ,  and  
I c a n n o t  r e a l l y  i m a g i n e  what  t h e  2  y e a r s  AT i n  t h e  y e a r  2000 
c o u l d  r e a l l y  mean. Can a  c o u n t r y ,  p o o f ,  b e  m o t o r i z e d  t o  
s a t u r a t i o n  i n  f o u r  y e a r s ?  Improbab le .  P e r h a p s ,  l i k e  i n  t h e  case 
o f  i n v e n t i o n s  a n d  i n n o v a t i o n s  [ I ]  t h e  f u n c t i o n  is  a see-saw. 
But  h a v i n g  no t h e o r y  I c a n n o t  r e a l l y  s a y .  
A f u r t h e r  tor-ment on F igs .1 -2 :  C o n t r a r y  t o  c u r r e n t  i n t u i t i o n ,  
t h e  US and  Canada a p p e a r  f a r  away f rom s a t u r a t i o n ,  a n d  more o r  
less i n  a s i m i l a r  p o s i t i o n  i n  t h e  p e n e t r a t i o n  c u r v e .  F o r m a l l y ,  
t h i s  i s  happen ing  b e c a u s e  b e i n g  e a r l y  a d o p t e r s  o f  t h e  car ,  t h e  
t i m e  c o n s t a n t  i s  s o  l o n g ,  b u t  as s a i d  b e f o r e ,  it is  n o t  clear  
why it s h o u l d  b e  so. Zahav i  [21 h a s  made a  h i g h l y  c o n v i n c i n g  
" m e c h a n i c a l  s t a t i s t i c s "  s t y l e  t h e o r y  l i n k i n g  t i m e ,  money a n d  
r o a d  ne twork  t o  p r o d u c e  car u s a g e ,  b u t  I have  n o t  been  a b l e  
t o  d i s t i l l  f rom it a  s i m p l e  c o n c e p t  c l a r i f y i n g  s u c h  b e h a v i o r .  
The o t h e r  d e v e l o p e d  n a t i o n s  s t u d i e d  s o  f a r , o n  t h e  c o n t r a r y  
a p p e a r  t o  b e  v e r y  n e a r  t o  s a t u r a t i o n  p o i n t ;  t h e  car i n d u s t r y  
i s  t h e n  a t  t h e  mercy o f  more w h i m s i c a l  r e p l a c e m e n t  m a r k e t s .  
E a t  y o u r  n e i g h b o r  p r a c t i c e s  w i l l  b e  t h e n  t h e  o n l y  mechanism t o  
keep  a  h e a l t h y  g rowth .  T h i s  i s  s t r a i g h t  war  a n d  h e r e  i n n o v a t i o n  
may p l a y  a  m a j o r  r o l e  i n  d e t e r m i n i n g  t h e v i c t o r .  Al though 
c o m p e t i t i o n  a n a l y s i s  shows t h a t  n o r m a l l y  t h e  y o u n g e s t , i f  a l r e a d y  
- 
s u c c e s s f u l , w i l l  b e  t h e  w i n n e r  ( f o r  a  w h i l e ) .  S u c c e s s  is. s e a l e d  
when a m a r k e t  h a s  been  p e n e t r a t e d  by  a few p e r c e n t  [ 3 ] .  T h i s  is  
good news f o r  t h e  J a p a n e s e  i n d u s t r y  which may w e l l  f i n a l l y  win 
t h r o u g h  a  d i s i n h i b i t e d  u s e  o f  i n n o v a t i o n .  
I n  o l d  minds ,  i n  f a c t ,  d e c i s i o n a l  r e f l e x e s  a r e  l i n k e d  t o  
p a s t  s u c c e s s e s  and  may n o t  b e  e f f i c i e n t  i n  s t r o n g l y  m o d i f i e d  en-  
v i r o n m e n t s .  F u r t h e r m o r e  o n l y  i n  r a p i d l y  e x p a n d i n g  i n d u s t r i e s  t h e  
work fo rce  h a s  a  v e s t e d  i n t e r e s t  i n  i n c r e a s i n g  p r o d u c t i v i t y ,  as it 
f a v o r s  h i g h  s a l a r i e s  and  d o e s  n o t  l e a d  t o  a  r e d u c t i o n  o f  occupa-  
t i o n a l  l e v e l s .  
The of Japan  i n  t h e  i n t e r n a t i o n a l  m a r k e t s  i s  shown 
i n  z i g .  1 4 ,  and t h e  ~ h a s e - o u t  02 s u c h  h i s t o r i c a l l y  a g g r e s s i v e  e x n c r t e r s  
l i k e  Germany a n d  I t a l y ,  i n  F i g .  15. These  e a r l y  e x p o r t e r s  a r e  
a l s o  i n v a d e d  by f o r e i g n  c a r s  t h e m s e l v e s  ( w i t h  a measure  of s w a p p i n g ) ,  
a n d  a  h i n t  i n  t h a t  d i r e c t i o n  i s  g i v e n  i n  F i g ,  16 showing t h e  p ro -  
g r e s s i v e  d i l u t i o n  o f  t h e  c a r  p o p u l a t i o n  i n  I t a l y  w i t h  f o r e i g n  
makes. T h i s  i s  a l s o  a  consequence  o f  t h e  p r o g r e s s i v e  i n t e r n a t i o n a l -  
i z a t i o n  o f  t h e  c a r  m a r k e t  a s  shown i n  F i g .  25. 
U n l e s s  new c o m p e t i t o r s ,  l i k e  e . g .  Korea ,  pop u p  i n  t h e  n e x t  
few y e a r s ,  J a p a n  a p p e a r s  t o  become t h e  d o m i n a t o r  o f  t h e s e  i n t e r -  
n a t i o n a l  m a r k e t s  b e f o r e  t h e  end  o f  t h e  c e n t u r y .  I t  h o l d s  a l r e a d y  
a b o u t  50% o f  it. 
Keeping  t h e  g u i d e l i n e s  i n  mind,  I a l s o  looked  a t  c o m p e t i t i o n  
between c l a s s e s  of c a r s .  T h i s  i s  r e p o r t e d  f o r  Europe i n  F i g .  15.  
C o n t r a r y  t o  much a d v e r t i s e m e n t  and  newspaper  t h e o r i e s , t h e  m a r k e t  
a p p e a r s  s o l i d  s t i f f ,  a n d  t h e  r u s h  t o  s m a l l i s h  c a r s  i n e x i s t e n t .  
I n  f a c t ,  t h e  m a r k e t  s h a r e s  f c r  a l l  c l a s s e s  o f  c a r s  a p p e a r  t o  s t a y  
c o n s t a n t  ( i f  w i t h  c o n s i d e r a b l e  n o i s e )  and  t h e  o n l y  movement is  
t h a t  o f  medium c l a s s  c a r s  e a t i n g  o u t  t h e  m a r k e t  o f  v e r y  s m a l l  c a r s .  
THE ROBOTIZED BUYER 
The c e n t r a l  i s s u e  i n  t h e  c a r  i n d u s t r y  i s  f o r e c a s t i n g  demand, 
f o r  n e x t  y e a r  f i r s t ,  and t h e  f o l l o w i n g  f i v e .  A key e lement  i n  
t h a t  f o r e c a s t i n g  i s  t h e  m o r t a l i t y  r a t e .  T h i s  r a t e  i s  d i f f i c u l t  t o  
a s s e s s  i n  a  c l e a n  form becaue  e x p l i c i t  s t a t i s t i c s  a r e  g e n e r a l l y  
l a c k i n g .  The U S  have something u s a b l e ,  and  I t r i e d  t o  p l o t  v s .  
t i m e  t h e  s u r v i v o r s  o f  a  c e r t a i n  cohort ( y e a r  make) a s  shown i n  
Fig .  17.  It i s  a  p o i n t  e x p e r i m e n t ,  b u t  v e r y  encourag ing .  I n  f a c t ,  
t h e  s u r v i v o r ' s  numbers a r e  n e a t l y  f i t t e d  a g a i n  by a  l o g i s t i c .  
With a  l i t t l e  p e o t r y  i n c o r p o r a t e d ,  o a e  c o u l d  s a y  d e a t h  competes 
w i t h  l i f e ,  and f i n a l l y  wins .  A s  f o r  any o t h e r  c o m p e t i t i o n  between 
" s t r u c t u r e s " ,  p r o g r e s s  s h o u l d  be  d e s c r i b e d  by a  l o g i s t i c .  
Assuming t h a t  r 2 o r t a l i t y  r a t e s  a r e  s t a b l e  ( a n a r t  from n o i s e )  o r  
p r e d i c t a b l e  from t h e  i n c i p i e n t  m o r t a l i t i e s  o f  new makes, t h e n  a  
l o g i c a l  p r o c e d u r e  t o  f o r e c a s t  demand f o r  new c a r s  can  be  g e n e r a t e d  
on a  p u r e l y  p h y s i c a l  b a s i s ,  i .e .  w i t h o u t  any knowledge o f  economics 
o r  consumer b e h a v i o r .  
The d e r i v a t i v e  o f  t h e  c a r  p o p u l a t i o n s ,  a s  t h e y  a r e  shown i n  
F i g s .  1  t o  10, i s  d e f i n e d  a s  f i r s t  wave. The d e f i n i t i o n  c a n  b e  
c o n s i d e r e d  a s  a r b i t r a r y ,  o r  p e r h a p s  l i n k e d  t o  t h e  c o n c e p t  o f  t h e  
f i r s t  c a r .  I w i l l  u s e  it i n  a  p u r e l y  fo rmal  way. Applying t h e  
d e a t h  f u n c t i o n  ( d e r i v a t i v e  of  t h e  s u r v i v o r ' s  c u r v e )  t o  f i r s t  wave 
c a r s  one  o b t a i n s  t h e  secend  wave, because  t h e  number of c a r s  a t  
s a t u r a t i o n  b e i n g  c o n s t a n t  any d e a t h  produces  a  b i r t h .  The p r o c e s s  
i s  r e p e a t e d  t o  g e t  a  t h i r d  wave and s o  on. The sum of t h e  waves 
g i v e s  *demand. The r e s u l t s  of  t h i s  e x e r c i s e  a r e  g i v e n  i n  F i g s .  
18 and 19 f o r  t h e  c a s e  o f  Japan.  I t  i s  o b v i o u s l y  a  z e r o  approxima- 
t i o n ,  b u t  p romis ing .  
HOW SAFE I S  SAFE? 
Much i n t e r e s t  a n d  e m o t i o n s  are u s u a l l y  r a i s e d  by t h e  problem 
5  
o f  car s a f e t y .  A f t e r  a l l ,  cars  k i l l  a good 2 - 1 0  p e o p l e / y e a r  and  
m a i m  presumab ly  t e n  t i m e s  as many. Many e f f o r t s  are made t o  r e n d e r  
cars s a f e r  i n  case o f  a c c i d e n t ,  a n d  t h e  d r i v i n g  more c a u t i o u s .  
I t  may b e  i n t e r e s t i n g  t o  l o o k  a t  t h e  e f f e c t s  w i t h  a d e t a c h e d  eye .  
S p e a k i n g  o f  r i s k s ,  my o p i n i o n  i s  t h a t  s o c i e t y  f e e l s  them 
g l o b a l l y  a n d  t r ies  t o  k e e p  them u n d e r  c o n t r o l .  C o n s e q u e n t l y ,  
i n s t e a d  o f  l o o k i n g  a t  a c c i d e n t s  p e r  m i l e  o r  p e r  car ,  I l o o k e d  a t  
a c c i d e n t s  p e r  u n i t  o f  p o p u l a t i o n .  The v e r y  i n t e r e s t i n g  r e s u l t ,  
r e p o r t e d  f o r  t h e  US f i r s t ,  b e c a u s e  t i m e  series are good a n d  
a v a i l a b l e  down t o  a b o u t  1900 ,  i s  shown i n  F i g .  20. Dea ths  
are t a k e n  as  a n  i n d i c a t o r ,  as t h e y  are b e s t  i n t e r p r e t e d  and  
r e c o r d e d .  
What w e  o b s e r v e  i s  t h a t  d e a t h s  grow w i t h  t h e  car p o p u l a t i o n ,  
b u t  t o  a s a t u r a t i o n  p o i n t  o f  a b o u t  2 5  p e r  l g 5  p e o p l e / y e a r .  From t h e n  
on t h e y  become i n d e p e n d e n t  f rom t h e  number o f  cars. I t  seems 
o b v i o u s  t o  m e  t h a t  a s o c i a l  h o m e o s t a t i c  mechanism e n t e r s  i n t o  
a c t i o n  when t h i s  " s e t  p o i n t "  o f  25 i s  r e a c h e d .  Why it s h o u l d  
b e  25 a n d  n o t  35 i s  n o t  clear t o  m e ,  so I l o o k e d  t o  o t h e r  n a t i o n s  
t o  see w h e t h e r  a s i m i l a r  set p o i n t  e x i s t s  a n d  i s  c u l t u r a l l y  l i n k e d .  
T h e  c a s e  o f  1 0  n z t i o n s  i s  r e p o r t e d  i n  F i g .  21 where dea tk , s  
a r e  r e p o r t e d  f o r  t h e  y e a r  1975 ( w i t h  some c o r r e c t i o n s  t o  t a k e  
i n t o  a c c o u n t  f o r  d i f f e r e n t  methods o f  r e c o r d i n g  d e a t h s  a f t e r  
t h e  a c c i d e n t ) .  F o r  s e v e n  c a s e s  t h e  se t  p o i n t  a p p e a r s  t o  b e  
a b o u t  25 ,  which i s  e x t r a o r d i n a r y  i f  w e  t h i n k  o f  a l l  d i f f e r e n c e s ,  
p n y s i c a l  a n d  c u l t u r a l .  T h r :  e c a s e s ,  h ~ w e v e r ,  have s e t  p o i n t s  
a l m o s t  h a l f  o f  t h a t ,  a n d  t h e  a n a l y s i s  o f  t h e  whys may y i e l d  
i n t e r e s t i n g  r e s u l t s .  A r e  l e f t  hand d r i v e r s  less r i s k  p r o n e ?  
CARS FOR MOVING 
Another  c u r i o u s  o b s e r v a t i o n  ( F i g .  20)  is t h a t ,  a t  l e a s t  
f o r  t h e  US,mileage p e r  c a r  i s  b a s i c a l l y  independen t  from t h e  
number of  c a r s  on t h e  road  and i s  a b o u t  15.000 km/year. T h i s  
s t a b i l i t y  s u g g e s t s  h o m e o s t a t i c  l i n k a g e s  between p e r s o n a l  t r a v e l -  
i n g  t i m e  b u d g e t s ,  r o a d  network and d i s p o s a b l e  income, as s t u d i e d  
i n  d e p t h  by Zahavi  121. G a s  consumption shou ld  n o t  t h e n  be  t o o  
d i f f i c u l t  t o  f o r e c a s t .  
Concerning road  network,  F ig .  23 r e p o r t s  t h e  deployment o f  
paved r o a d s  i n  t h e  US, c u r i o u s l y  p r e c e d i n g ,  a t  leas t  i n  r e l a t i v e  
t e r m s ,  t h e  boom o f  t h e  c a r s .  I n  a  ch icken  and e g g  l o g i c  one 
c o u l d  a r g u e  t h a t  t h e  s t i m u l u s  t o  t h e  i n t r o d u c t i o n  o f  t h e  car 
came from t h e  development  o f  paved r o a d s ,  a  slightly q u e e r  
s u g g e s t i o n  which Zahavi  c o u l d  s u p p o r t  w i t h  h i s  UMOT model [ 2 ] .  
Car  is o n e  of  t h e  p o s s i b l e  means o f  t r a n s p o r t a t i o n  and i f  
w e  look a t  t h e  t r a n s p o r t a t i o n  market  t h e  v a r i o u s  modes shou ld  
d a r w i n i a l l y  compete between them. I a l r e a d y  d i d  t h i s  a n a l y s i s  
i n  r e l a t i o n  t o  a  s t u d y  on a i r  t r a n s p o r t a t i o n  141 and t h e  
r e s u l t  f o r  t h e  US is r e p o r t e d  i n  F ig .  24. For  homogeneity 
r e a s o n s  t h e  market  was s e p a r a t e d  i n  i n t r a c i t y ,  i n t e r c i t y ,  
and commuting. The g raph  r e f e r s  t o  i n t e r c i t y  t r a v e l i n g .  A s  
supposed t h e  t h r e e  modes under  c o n s i d e r a t i o n ,  t r a i n ,  c a r  and 
p l a n e ,  f i t  V o l t e r r a  e q u a t i o n s  f o r  e c o l o g i c a l  c o m p e t i t i o n ,  w i t h  
c a r  r e a c h i n g  maximum p e n e t r a t i o n  i n  1958. C u r i o u s l y  enough a t  
t h a t  d a t e  c a r s  d i d  masquerade a s  a i r p l a n e s  w i t h  Nach - 8  ae ro -  
dynamics,  a i l e r o n s ,  t a i l s ,  and " c o c k p i t "  i n s t r u m e n t  p a n e l s .  The 
c o m p e t i t o r  i s  t h e  d e v i l - - i n  t h i s  c a s e  t h e  a i rp lane- -and  a s  2 e a s a n t s  
s t i l l  do i n  t h e  A u s t r i a n  Alps ,  t o  s c a r e  t h e  d e v i l  one  h a s  t o  d r e s s  
l i k e  t h e  d e v i l .  
SOME F I N A L  THOUGHTS 
Thi s  s e a r c h  was e x p l o r a t o r y  and many l e a d s  w e  found a r e  
s t i l l  l e f t  unexp lo i t ed .  I n  p a r t i c u l a r ,  t h e  f a c t  t h a t  t h i s  form 
of  a n a l y s i s  i s  n o t  l i n k e d  t o  a  p a r t i c u l a r  t y p e  o f  commodity, 
- 
b u t  ha s  a  g e n e r a l  c h a r a c t e r .  
Even a t  t h i s  p o i n t  a  c e r t a i n  number o f  c o n c l u s i o n s  can be 
drawn : 
- The deployment o f  c a r  popu la t i on  i n  a  c e r t a i n  a r e a  appears  
t o  be dominated by an i n t e r n a l  dynamics t h a t  does  n o t  appear  
t o  b e  determined by d e c i s i o n s  t aken  i n s i d e  t h e  i n d u s t r y ,  and 
v e h i c u l a t e d  th rough  i nnova t i on  and market ing.  
- Innova t i on  and p u b l i c i t y  do n o t  seem even a b l e  t o  change t h e  
r e l a t i v e  market  p o s i t i o n s  of  l a r g e  n a n u f a c t u r e r s .  One may perhaps  
i n t e r p r e t  them a s  m a n i f e s t a t i o n s  o f  v i t a l i t y  t o  i n s u r e  terri- 
t o r i a l  r e s p e c t ,  i n  t h e  s e n s e  o f  p o s t u r i n g  by t e r r i t o r i a l  animals .  
- Concerning t h e  f u t u r e ,  t h e  t o p  down a n a l y s i s  I used g i v e s  
an  ex t remely  s imp le ,  i f  s i m p l i f i e d ,  p i c t u r e  of t h e  s t a t e  of  t h e  
system and i t s  e v o l u t i o n a r y  l i n e s .  Car i n d u s t r y  appea r s  t o  be- 
come more and more i n t e r n a t i o n a l l y  o r i e n t e d  (F ig .  2 5 )  and Japan 
appea r s  t o  dominate t h a t  market  (F ig .  1 4 ) .  
- Car s a f e t y  appea r s  t o  be  c o n t r o l l e d  by s o c i e t a l  set  p o i n t s  
and feedbacks .  T ry ing  t o  i n c r e a s e  it on p u r e l y  t e c h n i c a l  grounds 
may be d i s a p p o i n t i n g  i f  s o c i e t a l  homeostas is  i s  n o t  t aken  i n t o  
account .  S t rapped  d r i v e r s  seem ready t o  r e l e a s e  t h e i r  i n h i b i t i o n s  
r i g h t  t o  t h e  p o i n t  t h e y  can m e e t  t h e i r  a l l o t t e d  quo ta  o f  k i l l i n g .  
- Car demand appea r s  p r e d i c t a b l e  on " p h y s i c a l "  grounds:  pene- 
t r a t i o n  r a t e  and d e a t h  r a t e .  A r e f e r e n c e  curve  based on t h a t  
cou ld  i n  any c a s e  g r e a t l y  h e l p  t o  s e p a r a t e  t h e  superimpsed n o i s e  
and t r y  t o  s p o t  i t s  c a u s e s .  F o r  car t y p e s ,  t h e  much t a l k e d  whims 
o f  t h e  p u b l i c  d o  n o t  a p p e a r  i n  h i n d s i g h t .  F o r  Europe a t  l eas t  
( F i g .  2 6 ) , a l l  b o i l e d  down t o  a s u b s t i t u t i o n  o f  medium f o r  v e r y  
s m a l l  c a r s ,  a l l  t h e  rest  k e e p i n g  s o l i d  t h e i r  marke t  s h a r e s .  With 
h i n d s i g h t  wisdom o n e  g e t s  t h e  i m p r e s s i o n  t h a t  t h e  famous s t a t e m e n t  
o f  Ford  a b o u t  h i s  model T; "They can  have  it i n  any  c o l o r ,  p ro-  
v i d e d  it i s  b l a c k " ,  may n o t  be  a p u r e  w i t t i c i s m ,  and s t y l i n g  n i g h t  
b e ,  a t  leas t  i n  p a r t ,  a s e l f p r e s e r v i n g  game. 
I hope  t h a t  h i n d s i g h t  may h e l p  i n s i g h t  and w i s e  p l a n n i n g  f o r  
t h e  t r o u b l e d  y e a r s  ahead .  
AND AFTERTHOUGHTS 
One o f  t h e  o b j e c t i o n s  a l m o s t  i n e v i t a b l y  popp ing  up when p r e -  
s e n t i n g  t h e s e  r e s u l t s  t o  l e a r n e d  s o c i e t i e s  o r  t o  i n t e r e s t e d  b o d i e s ,  
i s  t h a t  t h e  e x c e s s i v e  d e t e r m i n i s m  i s  u n p a l a t a b l e  t o  a v o l u n t a r i s t i c  
s o c i e t y  l i k e  o u r s .  
My f i r s t  l i n e  o f  d e f e n s e  is  t h a t  what  I a m  showing are b a s i -  
c a l l y  f a c t s ,  i f  i n  a d i f f e r e n t  l i g h t  and  p e r s p e c t i v e .  My s e c o n d  
l i n e  i s  t h a t  t h i s  d e t e r m i n i s m  i s  b e h a v i o r a l  and i n t r i n s i c a l l y  
g e n e r a t e d ,  h a v i n g  n o t h i n g  t o  d o  w i t h  e x t e r n a l  and m e t a p h y s i c a l  
" f a t e " .  
However, t o  b r e a k  a l i t t l e  t h e  l u c e n t  c a r a p a c e  and  s t a r t  a  
new l i n e  o f  r e s e a r c h  ( e v o l u t i o n a r y  p o t e n t i a l  i s  o f  n e c e s s i t y  
l i n k e d  t o  i m p e r f e c t i o n ) ,  I w i l l  d e s c r i b e  h e r e  two cases where I 
zoomed i n t o  d e t a i l s  i n  s e a r c h  o f  m i s b e h a v i o r .  
F i g u r e  1 d e s c r i b e s  t h e  e v o l u t i o n  o f  US car p o p u l a t i o n  between 
1950 and  1977. I had  i n  f a c t  d a t a  down t o  1900 from [ 5 ] ,  b u t  
I d i d  n o t  u s e  them i n  o r d e r  t o  have  a homogenous d a t a  b a s e  [ 6 ]  
f o r  a l l  cases u n d e r  s t u d y .  
With t h e  d a t a  f rom [ 5 ]  o n e  g e t s  t h e  r e s u l t  shown i n  F i g .  27. 
The c u r v e  i s  good,  b u t  h a s  a  funny  k i n k  w i t h  t w i s t s  i n  t h e  ' 2 0 s .  
My q u e s t i o n  t h e n  was w h e t h e r  d u r i n g  t h e  f i r s t  r u s h  of e x p a n s i o n  
t h e  car s y s t e m  d i d  n o t  " p e r c e i v e "  a d i f f e r e n t  s a t u r a t i o n  p o i n t  
and  behaved  a c c o r d i n g l y .  An a n a l y s i s  o f  t h i s  p e r i o d  t a k e n  i n  
i s o l a t i o n  ( F i g ,  28)  shows t h a t  t h e  h y p o t h e s i s  i s  w o r t h  a f u r t h e r  
e x p l o r a t i o n .  >1y f r i e n d s  i n  t h e  c a r  i n d u s t r y  a c t u a l l y  p r a y  f o r  
a m u l t i l a y e r  n i c h e  t h a t  c o u l d  acconmodate  t h e i r  b r a n d  new d reams ,  
e . g .  a c a r  t h a t  p a r k s  i n  2 m2 by s i t t i n g  on  i t s  back .  
Ano the r  o b j e c t o n  was t h a t  t h e  s a t u r a t i o n  number of  19 M ,  
which  I h a d  g i v e n  f o r  Wes te rn  Germany,had a l r e a d y  been  o v e r t a k e n .  
T h i s  i s  n o t  i i nexpec ted .  A s  F i g .  29 shows f o r  t h r e e  cases t a k e n  
f rom t h e  m i n i n g  i n d u s t r y  -in t h e  US, t h e s e  l o g i s t i c s  o r  q u a s i -  
l o g i s t i c s  c a n  become o s c i l l a t o r y  when a p p r o a c h i n g  s a t u r a t i o n  ( a  
p o s s i b l e  s o l u t i o n  of Volter ra  e q u a t i o n s  o f t e n  a p p e a r i n g  i n  eco- 
l o g i c a l  c o n t e x t s ) .  However I was v e r y  c u r i o u s ,  and  examined  i n  
d e t a i l  t h e  l a s t  f o u r  y e a r s ,  s e p a r a t i n g  them f r o m  t h e  rest  ( F i g . 3 0 ) .  
I t  a p p e a r s  h e r e  t o o  t h a t  t h e  o v e r s h o o t i n g  c a n  b e  i n t e r p r e t e d  as 
a change  i n  maximum l e v e l  p e r c e p t i o n  and  r a t e  of  a p p r o a c h ,  t h e  
f u n c t i o n a l  r e l a t i o n s h i p  b e i n g  h e l d .  So  t h e  cas t le  h a s  back  d o o r s .  
And t r a p  d o o r s  too, as  any  s e r i o u s  cas t le  mus t  h a v e  t o  make l i f e  
a  l i t t l e  c h a l l e n g i n g .  I f  a t  t h e  p e r c e p t i o n  l e v e l .  
REFERENCES 
[ I ]  M a r c h e t t i ,  C. S o c i e t y  as a L e a r n i n g  Sys tem:  D i s c o v e r y ,  
I n v e n t i o n ,  a n d  I n n o v a t i o n  C y c l e s  R e v i s i t e d .  
T e c h n o l o g i c a l  F o r e c a s t i n g  a n d  S o c i a l  Change 1 8 ,  267-282 
( 1 9 8 0 ) .  
A l s o  r e p r i n t e d  as RR-81-29. I n t e r n a t i o n a l  I n s t i t u t e  
f o r  A p p l i e d  Sys t ems  A n a l y s i s ,  Laxenburg ,  A u s t r i a  
(November 1  9  8  1 ) . 
[2]  Zahav i ,  Y. The UMOT - Urban I n t e r a c t i o n s .  DOT-RSPA-DPB, 
10/7.  U.S. Depar tment  o f  T r a n s p o r t a t i o n ,  Washington ,  
D.C. ( J a n u a r y  1 9 8 1 ) .  
[ 3 ]  M a r c h e t t i ,  C.,  a n d  N.  Nakicenov ic .  The Dynamics of Energy 
Sys t ems  and  t h e  L o g i s t i c  S u b s t i t u t i o n  Model. RR-79-13. 
I n t e r n a t i o n a l  I n s t i t u t e  f o r  A p p l i e d  Sys t ems  A n a l y s i s ,  
Laxenburg ,  A u s t r i a  (December 1 9 7 9 ) .  
[41 M a r c h e t t i ,  C. The E v o l u t i o n  o f  t h e  Energy  Sys t ems  a n d  t h e  
A i r c r a f t  I n d u s t r y .  Chemica l  Economy & E n g i n e e r i n g  
Review, pp.7-13 (May 1 9 8 0 ) .  
[ 5 ]  U.S. Bureau o f  t h e  Census.  Histor ica l  S t a t i s t i c s  o f  t h e  
U n i t e d  S t a t e s ,  C o l o n i a l  Times t o  1970,  B i c e n t e n n i a l  
E d i t i o n ,  P a r t  2. P7ashington, D.C. (1975)  
[6]  Motor V e h i c l e  M a n u f a c t u r e r s  A s s o c i a t i o n  o f  t h e  U n i t e d  S t a t e s ,  
I n c .  World Motor V e h i c l e  Data. Detroit  (1976)  . 
[71 B h a s k a r ,  K.  The F u t u r e  o f  t h e  World Motor  I n d u s t r y .  
Kogan-Page ( 1  9  8  0 )  . 
CAR REGISTRATION - US (200M) 
Figure  1. 
Cars r e g i s t e r e d  i n  t h e  U S  a r e  r epor t ed  a s  f r a c t i o n s  F of  
t h e  "perceived" maximun (200 M i l l i o n s )  . The perce ived  maximum 
i s  c a l c u l a t e d  b e s t  f i t t i n g  t h e  d a t a  wi th  a t h r e e  parameter l o g i -  
s t ic .  I a c t u a l l y  d i d  it by t r i a l  and e r r o r  and by hand us ing  
t h e  above t ransform.  The f l e x ,  o r  t h e  50% p e n e t r a t i o n  p o i n t  i s  
i n d i c a t e d  wi th  a d a t e ,  and AT r e p r e s e n t s  t h e  t i m e  c o n s t a n t ,  o r  
t h e  t i m e  t o  go from 10% t o  902 .  
To f a c i l i t a t e r e a d i n g  of t h e  curve ,  f r a c t i o n s  F a r e  r epor t ed  
f o ~  t h e  l e v e l s  i n d i c a t e d .  
Perceived maximum can be cons idered  a s  t h e  s i z e  of t h e  eco- 
n iche  f o r  t h e  c a r  spec ie s .  I f  o t h e r  modes compete, t h e  n i che  . 
may never be f i l l e d ,  a s  m u l t i p l e  compet i t ion  between primary 
e n e r g i e s  c l e a r l y  shows. I t  can a l s o  be "overshot" ,  t h e  approach 
t o  t h e  asymptot ic  l e v e l  becoming then  o s c i l l a t o r y .  
CAR REGISTRATION - CANADA (20M) 
Figure 2. (For explanation see Figure I . )  
CAR REGISTRATION - SWEDEN (S) (4M) 
F i g u r e  3 .  ( F o r  e x p l a n a t i o n  see F i g u r e  1.) 
CAR REGISTRATION - AUSTRIA (3.2M) 
Figure 4. (For explanation see Figure 1.) 
CAR REGISTRATION - UK (17M) 
Figure 5. (For explanation see Figure 1. ) 
CAR REGISTRATION - FRANCE (20M) 
1% I I I I 
'50 '60 '70 '80 '90 2000 
Figure 6. (For explanation see Figure 1 . )  
CAR REGISTRATION - BRD (Dl (19M) 
F i g u r e  7 .  (For e x p l a n a t i o n  see F i g u r e  1 ) .  
CAR REGISTRATION - ITALY (I) (20M) 
'50 '60 7 0  '80 '90 2000 
Figure 8. (For explanation see Figure 1 . )  
CAR REGISTRATION - J A P A N  (21M) 
'40 '50 '60 '70 '80 '90 2000 
F i g u r e  9 .  ( F o r  e x p l a n a t i o n  see F i g u r e  1.) 
CAR POPULATION IN ITALY 
(IN MILLIONS) 
Figure  10.  
To show t h e  extremely low l e v e l  of n o i s e ,  d a t a  f o r  t h e  
I t a l i a n  c a r  popu la t ion  a r e  r e p o r t e d  i n  l i n e a r  terms.  
CARS - U.S. MARKET SHARES (VOLUME) 
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20% - 
10% - 
From Bhaskar 1980 
0% 
Figure  1 1 .  
Analys i s  of  market  s h a r e  o f  major f i rms  shows a g r e a t  
s t a b i l i t y  i n  t ime.  Innova t ion  and promotion do n o t  s e e n  t o  
p rov ide  an edge,  b u t  t hey  a r e  probably p a r t  of t h e  elbowing 
mechanisms. 
CARS -JAPAN'S INLAND MARKET SHARES (VOLUME) 
- d  Toyota 
Nissan 
Figure 12. (For explanation see Figure 1 1 . )  
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RELATION BETWEEN A T  AND T IME WHEN CAR POPULATION WAS 1% OF SATURATION 
F i g u r e  13. 
The t i m e  c o n s t a n t  o f  car p e n e t r a t i o n  i n  v a r i o u s  c o u n t r i e s  
i s  h e r e  r e p o r t e d  v s  t h e  d a t e  when c a r  p o p u l a t i o n  r e a c h e d  1% o f  
s a t u r a t i o n  l e v e l ,  which i s  c o n s i d e r e d  as t h e  s t a r t i n g  p o i n t  o f  
mass ive  p e n e t r a t i o n .  The p r e c i s e  t i m e  t r e n d  l o g  AT = a t + b  
a p p e a r s  t o  be w e l l  matched. No e x p l a n a t i o n  i s  a v a i l a b l e .  
CARS -JAPAN I N  WORLD EXPORT MARKET 
Figure  1 4 .  
Japan appea r s  s t e a d i l y  p rog res s ing  i n  t h e  p e n e t r a t i o n  of  t h e  
world e x p o r t  market ,  about  h a l f  of  i t  should a l r e a d y  have i n  1902 
and 90% i n  1996 i f  no newcomers w i l l  cha l l enge  h e r  p rog res s .  
CARS - GERMANY AND ITALY IN  WORLD EXPORT MARKET 
F 
F i g u r e  15. 
Two a g g r e s s i v e  e x p o r t e r s ,  Germany and I t a l y ,  see t h e i r  p o s i -  
t i o n s  i n  t h e  i n t e r n a t i o n a l  market  s l o w l y  b u t  p r o g r e s s i v e l y  e roded .  
FOREIGIU VS. ITALIAN CARS IN ITALIAN CAR POPULATION 
MF 
F i g u r e  1 6 .  
T h c  a n a l y s i s  o f  ca r  p c i ~ u l a t i o n  n:ix i n  a c e r t a i n  c o u n t r y  
shows s p r e a d i n g  of f oreicjil " g i ~ r , e s " .  
U.S. CAR MORTALITY CURVE 
AT = 9.2 years 
F(t) = Survivors of 1967 cohort at time (t) 
I Data source: R.L. Pack & Co. 
F i g u r e  17. 
S u r v i v o r s  c u r v e  appea r s  t o  f i t  n e z t l y  a  l o g i s t i c  t r e n d .  
C u r ious ly  d e a t h  cu rves  and b i r t h  c u r v e s  have t h e  same f u n c t i o n a l  
e x p r e s s i o n  p o i n t i n g  pe rhaps  t o  a  deep symmetry i n  t h e  two pro-  
cesses. 
CARS NEW REGlSTRATlOlU (J) 
F i g u r e  18.  
N e w  r e g i s t r a t i o n s  i n  J a p a n  a r e  r e p o r t e d  h e r e .  F i g u r e  1 9  
w i l l  show a n  a t t e m p t  t o  c a l c u l a t e  them u s i n g  b i r t h  and  d e a t h  
f u n c t i o n s .  
NEW REGISTRATION (JAPAN) 
(ASSUMED M E A N  L IFE  8 YEARS) 
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-1 000 
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YEAR 
Computerized by Z.Fortune 
F i g u r e  13.  
" S y n t h e t i c "  demand r e c o n s t r u c t i o n  u s i n g  o n l y  " p h y s i c a l "  
p r i n c i p l e s :  b i r t h  and d e a t h  f u n c t i o n s ,  c a l c u l a t e d  f o r  a  c a r  mean 
l i f e  o f  e i g h t  y e a r s .  The d i f f e r e n c e  between c a l c u l a t e d  v a l u e s  
and a c t u a l  ones  i s  g i v e n  a t  t h e  bot tom o f  t h e  f i g u r e .  
SAFETY IN CARS - U.S. 
30 - 
Motor traffic deaths 
per 100,000 population 
I 1 
1910 1920 1930 1940 1950 1960 1970 
F i g u r e  20 .  
T r a f f i c  d e a t h s  e x p r e s s e d  i n  terms o f  p o p u l a t i o n  grow f i r s t  
w i t h  t h e  number o f  cars ( b u t  a t  a l o w e r  r a t e )  and  f i n a l l y  s t a b i -  
l i z e  a r o u n d  a "set p o i n t "  o f  a b o u t  25 /yea r  p e r  1 0 0 . 0 0 0  p o p u l a t i o n .  
T h i s  s u g g e s t s  a v e r y  s t r o n g  soc ie ta l  h o m e o s t a s i s  impos ing  restric- 
t i o n s  when d e a t h s  go  above  t h e  set  p o i n t .  What i s  a l m o s t  i n c r e d -  
i b l e  i s  t h e  s t a b i l i t y  o f  t h e  set  p o i n t  o v e r  t i m e  and  t h e  s t r e n g t h  
o f  t h e  h o l d .  
CAR ACCIDENTS WITH INJURY - X I 0  n 
- DEATHS 
(PER 100,000 POPULATION) 
F i g u r e  2 1 .  
S e t  p o i n t s  a r e  g iven  f o r  1975, and f o r  a  number o f  c o u n t r i e s .  
Most o f  them seem t o  be locked  t o  t h e  magic f i g u r e  of  25. U K ,  
Sweden and Japan a r e  a c u r i o u s  and unexpla ined  excep t ion .  
U.S. CAR MILEAGE 
- I 'g 9600 miles o 
Figure 22. 
Mileage per car remains remarkably independent of time and 
car number pointing to complex relationships between the car and 
the transportation system. Data for other countries are not much 
different. 
US SURFACED ROADS (SATURATION POINT 3 . 4 ~ 1 0 ~  MILES) 
F i g u r e  2 3 .  
A common s t a t e m e n t  i n  t h e  l i t e r a t u r e ,  t h a t  t h e  development  
o f  t h e  paved road  n e t  i s  a  consequence o f  t h e  i n t r o d u c t i o n  o f  
t h e  c a r ,  s h o u l d  b e  t a k e n  w i t h  c a u t i o n .  C e r t a i n l y  c a r s  and paved 
r o a d s  show a  s y ~ i o t i c  r e l a t i o n s h i p ,  b u t  t h e  f a c t  t h a t  paved 
r o a d s  p receded  by a  good 3 0  y e a r s  t h e  i n t r o d u c t i o n  of  t h e  c a r  
i n  t h e  U S ,  and t h e  f a c t  t h a t  t h e i r  r a t e  of deployment was n o t  
m o d i f i e d  when t h e  c a r  appeared ,  s t r o n g l y  p o i n t s  t o  a  r e v e r s e  
c a u s a l i t y .  
INTERCITY PASSENGER km IN US 
F i g u r e  2 4 .  
T r a i n ,  c a r  a n d  p l a n e  compete  f o r  passenger-km i n  a n e a t l y  
d a r w i n i a n  way. C u r i o u s l y , U S  c a r s  d i s p l a y e d  a i r p l a n e  s e c o n d a r y  
c h a r a c t e r i s t i c s  when r e a c h h g , i n  1 9 5 9 , t h e  t o p  o f  t h e i r  p e n e t r a t i o n ,  
and  i n i t i a t e d  t h e  i n e x o r a b l e  f a l l .  Mimicry o f  t h e  f i g h t ?  
WORLD 
Figure 25. 
The car industry is rapidly going international as the 
data show. Only the US appear actually to be nationally con- 
tained, but this may only be an optical effect, as the inter- 
national operation is taken by overseas daughter companies. 
CARS BY SIZE -WESTERN EUROPE 
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Figure  26. 
With ups and downs most car c a t e g o r i z a t i o n s  s e e m  t o  ho ld  
t h e i r  market  s h a r e  i n  t i m e  w i t h  t h e  excep t ion  o f  "medium" cars 
e a t i n g  o u t  t h e  n i c h e  o f  t h e  ve ry  s m a l l  ones ,  and n i b b l i n g  t h a t  
o f  t h e  o t h e r s .  
CAR REGISTRATION (US) (200 MILL) 
F i g u r e  2 7 .  
T o t a l  c a r  r e g i s t r a t i o n s  i n  t h e  US from t h e  b e g i n n i n g  of  c a r  
i n t r o d u c t i o n .  The d a s h  a t  t h e  s t a r t  t o  t h e  p o i n t  i n d i c a t e d  by 
CUT h a s  been a n a l y z e d  i n d e p e n d e n t l y  i n  F i g u r e  28 .  
CAR REGISTRATION (US)-START UP (25 M I L L )  
F i g u r e  2 8 .  
- 
/ 
/ 
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I f  I had  a n a l y z e d  c a r  p e n e t r a t i o n  i n  t h e  U S  i n  1930 ,  t h e  
r e s u l t  would have  b e e n  t h i s  o n e ,  w i t h  25  M cars a s  t h e  p e r c e i v e d  
s a t u r a t i o n  p o i n t  a n d  AT = 14 y e a r s ,  a s i t u a t i o n  n o t  much d i f f e r -  
e n t  f rom t h a t  o f  J a p a n  t o d a y .  
Z 
COPPER 
BITUMINOUS COAL 
I 
F i g u r e  2 9 .  
These  t h r e e  examples  f rom t h e  m i n i n g  i n d u s t r y  i n  t h e  US show 
how a v e r y  r e g u l a r  l o g i s t i c  p r o g r e s s i o n  c a n  d e v e l o p  i n s t a b i l i t i e s  
when t h e  s a t u r a t i o n  p o i n t  i s  approached .  
CAR REGISTRATION (Dl 
F i g u r e  30.  
The i n s t a b i l i t y  o c c u r r i n g  w i t h  t h e  W e s t  German car p a r k  h a s  
been  a n a l y z e d  s e p a r a t e l y ,  r e a c h i n g  f o r  t h e  new p e r c e i v e d  s a t u r a -  
t i o n  p o i n t  ( 2 3  M), and  t i m e  c o n s t a n t .  I c a n n o t  s a y  a t  t h i s  p o i n t  
w h e t h e r  t h i s  i n s t a b i l i t y  w i l l  r e s o l v e  i n  an  o s c i l l a t o r y  b e h a v i o r  
as i n  t h e  t h r e e  cases p r e s e n t e d  i n  F i g .  2 9 ,  a l t h o u g h  I t h i n k  it 
v e r y  p r o b a b l e .  
